Abstract: This research paper aims to examine the relationship between CO2, temperature, area, fertilizers and rice production in Pakistan. This study used Augmented Dickey Fuller (ADF) and Phillips Perron (PP) unit root tests to check the order of integration of each variable. The cointegration analysis with ARDL bounds testing approach is used to examine the impact of climate change on rice production in Pakistan over time series data from the period 1968 to 2014.
Introduction
Climate plays holistically significant role for agricultural productivity. In fact, many plant species are temperature sensitive; where increase in global temperature had adverse effects on the crops as well as the agriculture. During 2011, Pakistan's agriculture was severely affected by the weather changes, where in 2010 the country was addressed as the top most country in the world affected by climate related disasters (Siddiqui et al. 2012; . The rice production is expected to be influenced by unseen future changes associated with global warming temperature, carbon dioxide and rainfall. Because of climate change, its rapid effects can be noticed in the shape of adverse effects of extreme weather conditions on the production systems of rice and food security.
Previous studies show the fact that the climate change causing increase in temperature and simultaneously adverse affects on rice crop and ultimately decrease the crop productivity and its quality (Joyo et al., 2018) . It was revealed by a comprehensive simulation research that the climate change since 1960s decreased yield of rice by 12.4%, but with largest contribution coming from lowering radiation. The positive and negative yield response in different regions was demonstrated through statistical analysis between climate variables and observed yield. Variations in mean temperatures, increasing weather changes and rising sea level predicted less but possibly even more significant effect on rice production. In Pakistan, about 11 percent total agricultural area of the country is rice crop mainly based on Basmati and IRRI varieties (Nomman, and Schmitz, 2011; . Whereas, about 90 percent of the produce is coming from Sindh and Punjab provinces of Pakistan (GOP, 2018; Chandio and Jinag, 2018) . The rice is considered as staple diet of the local habitats as well as it is one of the source of foreign exchange earnings. The country mostly exports rice to Saudi Arabia, United Arab Emirates (UAE), Afghanistan and Iran (Chandio et al., 2017) . Recent trends of rice productivity in Pakistan show the crop cultivation is declining since last decade. This negative impact is might be due to weather changes (Joyo et al., 2018) , and or land degradation (Magsi and Sheikh, 2017) . In Pakistan a number of researchers (for instance, Hanif et al., 2010; Rasul et al., 2012; Zhu et al., 2013) have examined the effects of climate change on agriculture. Additionally, several previous studies on adaptation of agriculture to climate change in Pakistan (for example, Ali and Erenstein, 2017; Abid et al., 2018 Abid et al., & 2017 Arshad et al., 2016 Arshad et al., , 2017 Gorst et al., 2015) . The available literature has reported that there limited adaptation of climate change at farm level and emphasized the need for more research to examine the factors affecting local understanding of climate change and adaptation behavior. However, the present empirical study is different from previous studies. Therefore, this research project was initiated to evaluate the relationship between temperature, area under rice crop, fertilizer application, and CO2, impacts on rice production in Pakistan by using ARDL bounds testing cointegration approach. This article is comprised over the detailed methodology adapted for this research project, main findings as well as the policy prospects have been suggested based on the results.
Data and methodology
We used a number of an important variables for this empirical study. The dependent variable is rice production while independent variables we used several climatic variables such as emission of carbon dioxide (CO2) and average temperature. This study also considered other control variables like as area under rice crop and fertilizers offtake. The annual time series data from 1968-2014 for rice production, area under rice crop and fertilizers offtake are obtained from different sources (see Table 1 ). The collected data has been analyzed by using computer program like Eviews 9. 
1. Methodology
In order to examine the effects of climate change on rice production, there is a need to use reasonable approach for empirical estimation. In past, a number of research work used Engle and Granger (1987) and Johansen and Juselius (1990) co-integration approaches for testing the cointegration amongst the study variables in the long-run. Our study also has adopted Johansen and Juselius (1990) approach for checking the co-integration. For doing so, the important variables of the study should be incorporated at same array. Consequently, to solve this problem the Autoregressive Distributed Lag (ARDL) approach developed by Pesaran, et al. (2001) 
The Autoregressive Distributed Lag (ARDL) approach
The ARDL approach is very much popularized by Pesaran and Pesaran (1997) , this approach has a number of advantages as compared to previous cointegration approaches like as Engle and Granger (1987) , maximum likelihood-based approach by Johansen and Juselius (1990) . For checking the existence of long-run relationship by the ARDL approach is easy without considering the series which are integrated at levels I(0) or at first difference I(1) or mixed order of integration.
The ARDL approach as it is very much reliable in case of small sample sizes and avoids the issues of endogeneity and help to investigate the coefficients in the long-run. The ARDL-F-statistics is used to examine the presence of long-run association between the variables. The critical values of ARDL-F-statistics are available with lower and upper bounds (Table 4) in Pesaran (1997) and Pesaran et al. (2001) . If the ARDL-F-statistics is smaller than the LCB then the null hypothesis of cointegration cannot be rejected, however, if it is greater than UCB then the null hypothesis is rejected. The outcomes within the bound limits are inconclusive. After checking the cointegration between the study variables, we run the model in Akaike information criteria or Schwarz Bayesian criteria or Hannan-Quinn information criterion in order to investigate the long-run linkage between the variables. Afterward, this empirical study also estimate the Error Correction Model (ECM) 1 .
Specification of the Model
1 LCB represents Lower Critical Bound (LCB) and UCB represents Upper Critical Bound (UCB).
The null hypothesis of this empirical study is that climate change do not have positive impact on rice production. This hypothesis is estimated by the ARDL bounds testing approach to cointegration on the subsequent equation. The linkage of rice production with the important variables of the study is specified as follows:
The linear combination has been converted into log-linear model which gives suitable and proficient results as compared to the simple linear model. The equation (1) can be transformed into log as follows:
Here, we have taken the log (ln) of all the study variables, where RP represents rice production, CO2 represents emission of carbon dioxide, T represents average temperature, A represents area under rice crop, F represents fertilizers offtake and ε represents standard error term. Now, in order to investigate the long-run linkage between dependent and independent variables of the study through the ARDL bounds testing approach to cointegration. The equation (3) of the model is as follows:
Now; based on the ARDL approach the equation (3) is established for ordinary least square (OLS) method. The null hypothesis of this empirical is tested as follows:
Against it's the alternative hypothesis is tested as follows:
The following error correction model (ECM) in ARDL formulation is applied to estimate the shortrun relationship amid rice production, emission of carbon dioxide, average temperature, area under rice crop and fertilizers offtake; the equation (4) is formulated as follow:
3. Empirical findings and discussion
Preliminary analysis: Descriptive statistics, Correlation matrix and Unit root tests
The annual time series data in this empirical study have been used to estimate impact of climate change on rice production in Pakistan. Table 2 reports the descriptive statistics for an important study variables employed in the analysis. Results shows that all the important study variables are normally distributed with constant variance and zero covariance as showed by Jarque-Bera statistics. Likewise, Table 3 indicates the correlation matrix. The correlation analysis reveal that emission of carbon dioxide, average temperature, area under rice crop, fertilizers offtake are positively correlated with rice production. This study also found a positive correlation between fertilizers offtake, area under rice crop and average temperature with emission of carbon dioxide. Table 4 show that rice production (lnRP), average temperature (lnT), area under rice crop (lnA) and fertilizer offtake (lnF) are stationary at levels I(0) and emission of carbon dioxide (lnCO2) is integrated of the first order I(1) with intercept and trend. 
Selection of lag order
The exclusive integrating order of the time series properties of the variables tends to lead us to use the ARDL bounds approach to check whether cointegration exists or not amongst the important variables of this study like as rice production (lnRP), emission of carbon dioxide (lnCO2), average temperature (lnT), area under rice crop (lnA) and fertilizers offtake (lnF), respectively. After checking integration of the variables, next step of this study is to select appropriate lag order of the variable to employ ARDL bounds testing approach to cointegration. The appropriate lag order ascertained by sequential modified LR test statistic (LR), Final Prediction Error (FPE), Akaike
Information Criterion (AIC), Schwarz information criterion (SC), and Hannan-Quinn information criterion (HQ). The empirical evidence in Table 5 showed that the lag order is set as 1 by most criterions. a indicates lag order selected by the criterion.
ARDL Bounds Testing Approach to Cointegration Analysis
Proceeding to the cointegration test; the empirical results from the ARDL bounds testing approach to cointegration are presented in Table 6 . The results revealed that our computed F-statistics i.e. Table 7 showed that there exists cointegration association amongst lnRP, lnCO2, lnT, lnA and lnF. It implies that the results of long-run are very much effective and robust. 
Long-Run Estimates
The long-run results of the effects of CO2, average temperature, area under rice crop and fertilizers offtake in Pakistan are presented in Table 8 . In all, only temperature is found to have no significant impact on rice production in long-run. A small raises in temperature may create insignificant effect on rice production in Pakistan in the long-run. The country (Pakistan) is located next to the tropic region where a small raises in temperature due to climate variation may not have significant effect on rice production as compared to the tropical regions where already temperature is at threshold level. The finding of this study reveals that CO2 has a positive and significant effect on rice production in Pakistan. The estimated long-run coefficient of CO2 shows that at 5% level of significance, a 1% increase in CO2 will lead to a corresponding increase of about 0.34% in rice production. Our finding is consistent with Janjua et al. (2014) . In addition, this paper discovers that rice production in Pakistan is positively influenced by area under cultivation at 5% level of significance in long-run. An increase in the area under cultivation by 1% is expected to increase rice production by 0.14%. This finding is consistent with (Hussain, 2012; Chandio et al., 2018a) .
Fertilizers is confirmed to exert positive impact on the rice production in Pakistan at a significance level of 5%. An increase in the fertilizer consumption by 1% is expected to raise rice production by 0.11% in the long-run. Fertilizers have very much effect on crop productivity like it improve the land fertility and also it enhance plant growth. In the long-run fertilizers would enhance the available land fertility affecting to leads the crop productivity. In rural areas of Pakistan, most of farmers use both natural and chemical fertilizers to improve the fertility of the land. Chemical fertilizers play an important role to increase the rice production in Pakistan. This empirical evidence supports the findings of (Janjua et al., 2014; Chandio et al., 2018a; Chandio et al., 2018b) on the relationship between fertilizer consumption and food grain production for Pakistan. 
Short-Run Association
The short-run coefficients related with the long-run are estimated and the results are demonstrated in Table 9 . In short-run analysis impact of climate change factors, e.g. CO2 and temperature have positive impact on rice production in Pakistan. The coefficients of short-run of CO2 and temperature show that 1%increase in CO2 can enhance the rice production by 0.16%, whereas, 1% increase in temperature can increase the rice production by 1.03%, respectively. Likewise, the short-run value of area under rice crop cultivation is statistically significant. In the short-run also area under rice crop cultivation will plays a vital role in boosting rice production in Pakistan. The finding shows that a 1% increase in area rice production will lead to a corresponding increase by 0.06%. The findings of this study supports the findings of (Hussain, 2012; Janjua et al., 2014; Chandio et al., 2018a) . Additionally, an estimated ECM is negative (-0.487500) and shows that at 5% level of significance. It was observed from Table 8 that the coefficient of ECM was found to be -0.487500 which reveals that adjustment takes place 0.48% per year towards the long run equilibrium. The values of R 2 and Adjusted R 2 were estimated to be 0.92% and 0.91%, which suggests that our model is strongly good fitted. 
Diagnostic and Parameter Stability test
In this study the Autoregressive Distributed Lag (ARDL) model has good fitted and successfully passed all the tests of diagnostic (Table 10 ). The ARDL model also has passed the stability tests as demonstrated by the recursive residuals graphs (Figures 1 and 2 ). 
Conclusions
This present paper investigates the impact of climate change on rice production in Pakistan, by using annual time series data from 1968 to 2014. The ARDL bounds testing approach to contegration was used to check the existence of long-run relationship between climate change factors like emission of carbon dioxide and average temperature as well as other control variables such as area under rice crop and fertilizers offtake. The results show evidence of cointegration or long-run relationship between climate change and rice production in Pakistan. Furthermore, the climate change factors like emission of carbon dioxide and average temperature had positively impact on rice production in Pakistan, both in the long-run and the short-run. Likewise, the area under cultivation has a positive impact on rice production, both in long-run and short-run; whereas, the fertilizers also has positive impact on rice production in the long-run but it has a negative impact on rice production in the short-run. In Pakistan, climate change factors like CO2 and temperature have a positive effects on the rice production. However, about 60% population of Pakistan is living below the poverty line. Additionally, the population of Pakistan is growing very rapidly and in near future the country will face the issue of food security. So as to circumvent the issue of food insecurity of rice in future due to any adverse climate change effects, the government of Pakistan is required to increase rice cultivation area and have to support farmers by offering them fertilizers at subsidized prices.
